A b s t r a c t . -The a t t e n u a t i o n o f 2-6 MHz R a y l e i g h waves /RW/ was Geasured' i n s h e e t samples o f Fe w h i c h were u n d e r g o i n g o l e c t r ol y t i c c h a r g i n g w i t h H. The c a t h o d i c p o l a r i z a t i o n and 4 s 0 addi t i o n i n t o e l e c t r o l y t e were found t o e f f e c t t h e a t t e n u a ? i % n end v e l o c i t y o f t h e s u r f a c e waves. The a t t e n u a t i o n changes were r et a r d e d b y t h e d e p o s i t i o n o f a t h i n / m/ l a y e r o f Cu o n t h e Fe s u r f a c e , w i t h t h e Cu a c t i n g a s a 14-p 3' r m e a t i o n b a r r i e r . The dec r e a s e i n a t t e n u a t i o n was caused b y t h e e n t r y o f H i n t o s o l i d s o l u t i o n a t t h e s u r f a c e r e g i o n . The mechanism o f a t t e n u a t i o n d e c r e a s e a p p e a r s t o b e a s s o c i a t e d w i t h t h e decrease o f d i s l o c at i o n s m o b i l i t y i n t h
e n e a r -s u r f a c e r e g i o n b y H-atoms. The l o n g t i m e p o l a r i z a t i o n caused b y RLrf a t t e n u a t i o n t o i n c r e a s e due t o t h e f o r m a t i o n o f H-induced b l i s t e r s on o r i m m e d i a t e l y b e l o w t h e sample s u r f a c e .
1, I n t r o d u c t i o n . -I n t e r n a l f r i c t i o n h a s been used i n t h e s t u d y o f H s o l u b i l i t y and H e m b r i t t l e m e n t i n s t e e l s . T h i s t e c h n i q u e can n o t be a p p l i e d t o i n s i t u s t u d i e s o f t h e H e n t e r i n g a m e t a l v i a e l e c t r o l y t i c process. I n a n e f f o r t t o overcome t h i s d i f f i c u l t y , a n u l t r a s o n i c t e c h n i q u e h a s been d e v e l o p e d 111 i n w h i c h R a y l e i g h s u r f a c e waves /RW/ a r e p r o p a g a t e d f r o m a t r a n s m i t t i n g t t -a n s d u c e r t o a r e c e i v i n g one w h i l e t h e m a t e r i a l i s u n d e r g o i n g c a t h o d i c c h a r g i n g w i t h H. The R\V p e n e t r a t e s a p p r o x i m a t e l y one w a v e l e n g t h o f t h e s u r f a c e b u t i t s i n t e n s i t y decays e x p o n e n t i a l l y w i t h d e p t h 1 2 1 . Consecluently t h e wave samples t h e n e a r -s u r f a c e r e g i o n p r e f e r e n t i a l l y and i s s e n s i t i v e t o changes i n a t t e n u a t i o n d a n d v e l o c i t y vR o c c u r r i n g a t d e p t h s a s s m a l l a s 10" t o 10-~A [3] . T h i s h i g h r e s o l u t i o n a l o n g w i t h t h e c a p a b i l i t y f o r i n s i t u meesurements were t h e b a s i s f o r t h e p r e s e n t c h a r g i n g s t u d i e s o n Fe.
Experimental,-
The d e t a i l s o f t h e e x p e r i m e n t a l system a r e d e s c r ibed i n Reference 1 . The u l t r a s o n i c s i g n a l s a t f r e q u e n c i e s f r o m 2.5 t o 7 MHz were g e n e r a t e d ; t h e i n f o r m a t i o n c a n b e y i e l 
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Fi g,:, R.*$ a t t e n u a t i o n change due t o c a t h o d i c p o l a r i z a t i o n o f h o t -r o l l e d , low-ca rbon
s t e e l /0,08C, 0,53Mn,0,011 P 0,008 S/ were bent t o an L shape t o be accommodated i n t h e f i x t u r e . ~h s d a n d vR were determined as a f u n c t io n o f c a t h o d i c c u r r e n t dens i t y t o 5 5 A/m2 and chargi n g t i m e t o 3h i n 1 N H S O 2+34;r S o l u t i o n s c o n t a i n i n g As &u+ were i n j e c t e d i n t o t h e e l e c t r o l y t e d u r i n g t h e charg i n g processes. 
R e s u l t s and
1/, A f t e r removing o f t h e Fig.2, E f f e c t o f t h e H-recombina t i o n p o i s o n /a/ and CuS04 /b/ presence i n e l e c t r o l y t e on t h e a t t e n u a t i o n o f RN p o l a r i z a t i o n RIY a t t e n u a t i o n decreases t o i n i t i a l value.
A t c o n s t a n t p o l a r i z a t i o n t h e f u r t h e r decrease o f a t te n u a t i o n , a few percent o v e r a p e r i o d o f hours, was observed.
The a d d i t i o n o f 2 mg/l As203 i n t o e l e c t r o l y t e a t any p o l a r i z a t i o n causes a marked decrease i n a t tenuat i o n /Fig, 2a/ p r o b a b l y ass o c i a t e d w i t h t h e H-recombin a t i o n p o i s o n i n g e f f e c t o f
As, which promoted t h e e n t r y o f H atoms i n t o t h e sample , Moreover, A s c a n p l a t e o u t F i f , 3. Change o f R:l v e l o c i t y /a/ d a r e r e l a t e d t o t h e e n t r y a n d RVd a t t e n u a t i o n /b/ d u r i n g of atoms into the sample H i n g r e s s 1 -u n c o a t e d s a m p l e a c c e l e r a t e d by p o i s o n ra--with t h e r t h a n t~ a n y c a p a c it h i c k C u -l a y e r I % H2S0, t 2mq A s 2 0 3 /~ - 
eye, T h i s i s s t r o n g evid e n c e t h a t t h e d e c r e a s e s i n
d e c r e a s e s , A t l o w e r c u r r e n t t h e v e l o c i t y c h a n g e s a r e s m a l l e r . The a t t e n u a t i o n /~i~. 3 b , c u r v e I/ d e c r e a s e s a f t e r some i n c u b a t i o n time.
The i n c u b a t i o n time d e c r e a s e s a s c u r r e n t d e n s i t y i n c r e a s e s ; moreo v e r t h e l i n e a r d e c r e a s e o f d w i t h t1'2 i s s t e e p e r a t t h e h i g h e r c u r r e n t d e n s i t y . A f t e r some c r i t i c a l c h a r g i n g time a t t e n u a t i o n declines from t h e s t r a i g h t l i n e and i n c r e a s e s . C o a t i n g o f t h e s a m p l e by C u -l a y e r /2 Jum t h i c k / i n c r e a s e s t h e i n c u b a t i o n time a n d c h a r g i n g
.to time r e q u i r e d f o r a t t e n u a t i o n i n c r e a s e a t g i v e n p o l e r i z a t i o n / c u r v e 2/, T h i s d a t a i s c o n s i s t e n t w i t h t h e i n t e r p r e t a t i o n t h a t a Cu l e y e r d e c r e a s e s H p e r m e a t i o n r a t e [ g a n d r e v e a l s t h a t c h a n g e s i n d a re i n d e e d c a u s e d by H a t o m s a t t h e s u r f a c e r e g i o n o f t h e s t e e l sample, M i c r o s c o p i c exarnina t i o n shows t h a t s u b -s u r f a c e b l i s t e r s i n u n c o a t e d a n d Cu-coated s a m p l e s a r e f o r m i n g when d b e g i n s t o i n c r e a s e , The p l a t e a u a n d gradual.
d e c r e a s e r e g i o n s i n t h e r e l a t i v e v e l o c i t y p l o t c o r r e s p o n d t o t h e o n s e t o f b l i s t e r f o r m a t i o n . !:{hen t h e p o l a r i z a t i o n i s removed, & a n d v e l o c i t y tend t o r e t u r n t o t h e i r o r ig i n a l v a l u e s , b u t because o f
t h e i r r e v e r s i b l e H damage, t h e y remain a t h i g h e r l e v e l s than i n t h e uncharged samples.
The change o f t h e R W a t t en u a t i o n i s more profound when t h e damage i s c o n c e n t r a t e d near t h e s u r f a c e , Fig.4 , Curves 1 and 2. The m a g n i f ic a t i o n o f t h e a t t e n u a t i o n changes a t t h e h i g h e r f r equency i s i n keeping w i t h t h e g e n e r a l l y observed i ncrease i n i n t e r n a l f r i c t i o n l o s s e s w i t h i n c r e a s i n g f l87, . W h i l e t h e d i n c r e a s e i s c l e a r l y be t h e r e s u l t o f b l i s t e r format i o n , t h e e x a c t n a t u r e o f t h e damping losses, a s s o c i a t e d w i t h t h e decrease i n d b e f o r e b l i s t e r i n g , i s d i f f i c u l t t o determine. P o s s i b l e e x p l a n a t i o n f o r t h e r a p i d decrease o f RW a t t e n u a t i o n due t o c a t h o d i c p o l a r i z a t i o n i n p u r e e l e c t r o l y t e / Fig. 1/ was d i s c u s s e d i n Reference 1 . Some e l e c t r o l y t e -m e t a l i n t e r f a c e and m e t a l s u r f a c e phenomena as w e l l a s H a b s o r p t i o n i n t h e n e a r s u r f a c e r e g i o n o f m e t a l may be i n - .
A l t h o u g h t h e d e t a i l s o f t h e k i n e t i c s o f t h e changes i n d a n d vR a r e n o t c l e a r a t t h i s time, i t i s c l e a r t h a t t h e s u r f a c e wave t e c h n ique a l l o w s m o n i t o r i n g o f t h e e n t r y o f H atoms i n t o t h e s u r f a c e r e g i o n o f Fe d u r i n g e l e c t r o l y t i c charging. The changes a r e m a g n i f i e d by t h e presence o f As i o n s , a n H r e c o m b i n a t i o n poison, and a r e n o t a f f e c t e d
by Cu i o n s , which do n o t i n f l u e n c e H recombination. They a r e decrea- Research sponsored by t h e N a t i o n a l Science Foundation, U. S.A.
